Estrblishment of forage kochia (Kochiuprostruta subsp. virestens) stands from planting utricles has been erratic in the northern Great Basin. This study evaluated the effect of different seedbed environments varied by planting date on germination of utricles and seedling establishment. Utricles harvested in 1986 were planted on tilled seedbeds in late fall, winter, early and late spring 1986-87, and late fall, winter, and early spring 1987-88. Soils are fine-loamy, mixed, mesic, Xerollic Haplargids underlain by coarse gravel at a depth of 1.5 m. Utricles were broadcast at 400 pure live utricles/m* in 2 by 2-m plots replicated 5 times. Additionally, nylon bags containing utricles were placed on the soil surface during planting, and on each subsequent planting date, bags of utricles were retrieved for germination trials. Seedling establishment was improved 85% (p<O.OS) when utricles were planted in late fall and winter compared to spring of both 1987 and 1988. Utricles imbibed moisture when incubated in the tield from late fall to winter and late fall to early spring 1986-87. When collected in winter 1987, imbibed utricles germinated 7 to 12 days faster (p<O.O5) than dry controls, and those collected in early spring germinated 4 to 7 days faster @<0.05) than controls. Total germination of utricles declined 9 to 2% with an additional year of storage in the laboratory. Utricles incubated in the field from late fall to winter and late fall to early spring 1987-88 germinated about 1.5 days faster @<0.05) than controls when collected in winter and early spring 1988. These findings show why better seedling establishment can be expected from planting freshly harvested forage kochia utricles in late fall and winter before the soil surface begins to dry than in early and late spring in the northern sagebrush (Artemisia) steppe.
'Immigrant' forage kochia (Kochiaprostrata subsp. virescens) a semievergreen half-shrub of the Chenopodiaceae family has considerable potential as a forage and soil stabilization plant on western rangelands (Keller and Bleak 1974 , McArthur et al. 1974 , Blauer et al. 1976 , Stevens and Van Epps 1984 , Stevens et al. 1985 . Immigrant forage kochia has performed well when planted on several vegetation types including those dominated by pinyon-juniper (Pinus-Juniperus), basin big sagebrush (Artemisia tridentata subsp. tridentata), Wyoming big sagebrush (A. tridentata subsp. wyomingensis), and greasewood-shadscale (Sarcobatus vermiculatus-Atriplex confertifolia) (McArthur et al. 1974 , Stevens et al. 1985 . The cultivar is adapted to basic, but not acidic or neutral soils, and successful plantings have been established on soils ranging from sandy loam to heavy clay in texture 518 (Stevens et al. 1985) . Two characteristics of this species limit its use on rangelands. These are rapid loss of utricle viability (Balyan 1972 , Keller and Bleak 1974 , Demin et al. 1977 , Waller et al. 1983 and sporadic establishment from direct planting (Keller and Bleak 1974 , Lavin and Johnsen 1975 , Stevens et al. 1985 . Planting during late fall or winter is generally recommended (Balyan 1972 , Moghaddam 1978 , Stevens et al. 1985 . The small utricles (870/g) contain limited food reserves and must be planted on the soil surface or at shallow depths (Balyan 1972 , Young et al. 1981 , Stevens and Van Epps 1984 , Stevens et al. 1985 . This exposes utricles to widely fluctuating seedbed temperatures and soil moisture Young 1972, Roundy et al. 1984) .
Seeding failures are costly and leave land vulnerable to erosion and invasion by undesirable plants. Identifying relationships between environmental conditions and seedling establishment will provide a basis for designing efficient systems for successful seedings of this species. The objective of this study was to determine the effect of seedbed environment on germination of utricles and seedling establishment for 'Immigrant' forage kochia.
Materials and Methods
Two lots of utricles of 'Immigrant' forage kochia, harvested in fall 1986, were purchased from a commercial source for studies conducted in the field and laboratory in 1986-87 and 1987-88 . Lot 1 was harvested in early fall and air dried before shipment, and lot 2 was harvested about 2 weeks later. Both lots were shipped immediately after lot 2 was harvested. During transit from Ephraim, Utah, both lots imbibed moisture (source of moisture unknown), and upon arrival in Bums, Oregon, lot 1 contained 35.4% moisture and lot 2 contained 52.2% moisture. This moisture content was high compared to the 10% moisture generally contained in lots of utricles received from Ephraim. Utricles of both lots were spread in a thin layer on the laboratory floor in Bums and air dried. After drying, moisture contents were 8.9% and 8.5% for lot 1 and lot 2 utricles, respectively. During the experimental period, November 1986 to March 1988, utricles were stored in cloth sacks in the laboratory, and moisture content of utricles varied from 8.9 to 7.7% for lot 1 and 8.6 to 7.2% for lot 2.
The study site was located 2 km north of Mud Lake in the Harney Basin of southeastern Oregon. Annual precipitation in Hamey Basin ranges from 200-300 mm with 60% received from October through March (NOAA 1986); summer drought is a distinctive characteristic of the region. Mean annual temperature is 7" C with an average daily maximum of 30" C in July and an average daily minimum of -9O C in January. Elevation at the site is 1,255 m. Soils are fine-loamy, mixed, mesic, Xerollic Haplargids underlain by coarse gravel at a depth of about 1.5 m. Plots were disced in 1982. Prior to discing, a uniform canopy of greasewood characterized the site with nearly 19% canopy cover (Romo 1985) . Wyoming big sagebrush was the second most abundant shrub, contributing about 7% canopy cover. Perennial grasses were poorly represented, with western wheatgrass (Pascopyron smithii) the most frequent species. Downy brome (Bromus tectorum) and yellow-flower pepperweed (Lepidium perfoliatum) are common throughout the area. Depth to water table is approximately 5 m. During the study, precipitation, snow depth, and soil moisture at the O-5-cm soil depth were monitored on site. Soil moisture was determined gravimetrically. Temperature records were obtained from the weather station in Burns, Oregon (NOAA 1986) .
Both fall 1986 and 1987 seedbeds were prepared by discing or rototilling to a 15-cm depth and smoothed with a rake. Lot 1 and 2 utricles were broadcast onto prepared seedbeds at a rate of 400 pure live utricles/ rnz in each 2 by 2-m plot. Five plots of lot 1 and 2 utricles were planted on each date. First year seedings were made in late fall (4 Dec. 1986 ), winter (20 Jan. 1987 ), early spring (25 Feb. 1987 , and late spring (31 Mar. 1987 Samples of lot 1 and 2 utricles were also enclosed in nylon bags, made from nylon stockings, and placed on the soil surface in the corner of the 5 seeded plots on each of the 7 planting dates. Nylon bags placed in the field in late fall (1986) were collected in winter (87), early spring (87), late spring (87) and early summer (22 May 1987) ; bags placed on the soil in winter (1987) were collected in early spring (87), late spring (87) and early summer (87); bags placed in early spring (1987) were collected in late spring (87) and early summer (87); and bags placed in late spring (1987) were collected in early summer (87). A similar sequence of placement and collection occurred in late fall 1987 and winter and early spring 1988. One bag was collected from all 5 replications, and germination activity of the enclosed utricles was compared to dry controls stored in the laboratory. In addition, we studied the effect of air drying of imbibed utricles on subsequent germination of utricles. Samples placed in the field in late fall 1986 and collected in winter 1987 were air dried in the laboratory immediately after collection. Utricles were maintained in an air-dry state until early spring. These dried utricles were germinated with controls and other samples collected from the field in early spring.
Utricles collected from bags in the field were brought to the laboratory and blotted dry. Moisture content of utricles was determined gravimetrically on a sub sample. Immediately after moisture samples were taken, 100 utricles were counted from each replicate and placed on germination blotters (Romo and Haferkamp 1987) moistened with distilled water and contained in a covered Petri dish. Germination trials were begun immediately following sample preparation in controlled environments at 20' C with 8 hours light and 16 hours dark for 17 to 44 days or until germination had ceased. Shorter time periods were required for the trials as after-ripening occurred.
No specific size criteria was used in selection of utricles for germination trials. However, when samples were collected from the field in early spring and later, some embryos had begun to uncoil in the nylon bags. When this occurred, care was taken to not select utricles with the embryo uncoiling. Thus, all selections were made from the remaining utricles that may have been less viable. We recognize the limitations in comparing germination data from utricles collected at the later dates, and caution readers of these problems. Thus, comparisons of germination results in late spring and summer are limited to control vs. utricles placed the previous planting date.
Utricles were considered germinated when the embryo was uncoiled, hypocotyl arch was raised and radical was 1 cm long. Percentage total germination was used to quantify utricle viability, and days to 50% of final germination was used to quantify germination rate.
Field plantings in each of the 2 years were arranged in a randomized complete block design with 5 replications. Plantings for year 1 and year 2 were made on adjacent areas. During germination trials, petri dishes were randomly arranged in a germinator, and dishes were rearranged after daily counts were made.
Effect of environment on germination determined by total and days to 50% germination was analyzed by analysis of variance and means were separated by FLSD. The categorical data analysis procedure (CATMOD) from the SAS program was used to analyze seedling establishment data (SAS Institute Inc. 1988) . The model included blocks (5), seed (lot 1 vs. lot 2), planting dates (early fall, winter, early spring, and late spring), and appropriate interactions. Nonsignificant interactions were deleted from the model. The response variable was Y for emergence and N for nonemergence and was weighted by the density factor. The density factor for the Y response was actual count of the plants in a 1 by l-m plot, and the density factor for the N response was 400 minus the Y response. Contrasts of interest were fall and winter vs. early and late spring, fall vs. winter, and early spring vs. late spring. In both analyses, each year and collection date were analyzed separately to eliminate the differences in collection procedure and confounding. Significant differences are noted at p<O.O5.
Results and Discussion
'Immigrant'forage kochia seedlings established consistently better from late fall and winter plantings on tilled seedbeds than from early and late spring plantings (Table 1) . These 2 planting dates improved establishment regardless of lot or year. Utricles planted in late fall and winter were exposed to an environment of low temperatures and periodic snow cover (Fig. 1) . Soil was generally frozen during December, January, and early February. When thawing occurred, the soil surface was moist to muddy (Fig. 2) . During late February and March, temperatures began to rise, and soils began to dry. The soil surface became a mosaic of dry areas and moist depressions. During late March, April, and May, the soil surface was moist only after rains. Forage kochia utricles responded to cold moist environments of late fall, winter, and early spring. By winter 1987, utricles placed in late fall 1986 had imbibed 40 to 7% moisture (data not shown), and rate of germination was 7 to 12 days faster than for controls (Table 2) . By early spring, late fall and winter placed utricles contained 35% moisture (data not shown). The difference in moisture content between winter and early spring suggests moisture content of utricles was dependent upon current soil moisture content at collection time. Rate of germination of the late fall and winter placed utricles was increased 4 to 6 days compared to controls ( Table 2 ). The enhanced germination by late fall placed utricles collected in winter was maintained after utricles were air dried and stored in the laboratory. By early spring, lot 1 utricles incubated in the field from late fall to early spring germinated slightly more rapidly than utricles incubated in the field from late fall to winter and stored dry from winter to early spring (Table 2) . Germination rates were similar for lot 2 utricles whether dried in the laboratory or incubated in the field.
Total germination of lot 2 utricles at the winter collection date was increased by incubation on soil in late fall, but total germination of lot 1 utricles was not affected ( Table 2 ). The increase in total germination of lot 2 utricles may have resulted from an acceleration of afterripening occurring in the field environment. Several authors report utricles of forage kochia are dormant immediately after harvest and require 4 to 4.5 months for afterripening and removal of dormancy (Balyan 1972 , Waller et al. 1983 .
By the early spring 1987 collection date, total germination was less for lot 2 utricles placed in late fall compared to winter placed and control samples. This decline in total germination may have resulted from deterioration of utricles during the longer period of incubation in the field. The possibility, however, that some embryos had begun to uncoil in February in the late fall samples and the samples used for germination trials contained fewer viable utricles than control or winter placed samples cannot be eliminated. Samples incubated in the field from late fall to winter and stored dry in the laboratory from winter to early spring did not exhibit uncoiling of embryos during incubation or drying. These lot 2 utiicles germinated significantly better than ones incubated in the field, but poorer than controls. In contrast, lot 1 utricles incubated since late fall germinated significantly better than controls and utricles collected in winter and dried in the laboratory. Total germination of winter placed utricles was similar to controls for both lots. From early to late spring 1987, rate of germination was enhanced for both lots of utricles (Table 2 ), but total germination was reduced for lot 2 utricles. By summer, rate of germination was similar for control and late spring planted utricles (Table 2) , and total germination was reduced for both lots of utricles planted in late spring relative to controls. Similarities in rate of germination between utricles placed in spring and controls and total germination of controls between early and late spring collections suggest afterripening and removal of dormancy was complete by summer 1987.
Comparisons of control utricles in 1987 show rate of germination increased linearly over time, with days to 50% germination decreasing 6 and 12 days, respectively, for lot 2 and lot 1 samples in a lOO-day storage period (Fig. 3) . Response of total germination of control utricles was curvilinear (Fig. 4) . Lot 2 utricles consistently germinated faster than lot 1 utricles, and total germination was greater for lot 2 compared to lot 1 controls for the 100day period. This difference may have simply been the result of different lots of utricles, a reflection of different collection dates and drying regimes. The fact lot 1 utricles had been air dried and lot 2 utricles were freshly harvested when both lots were moistened during transit may have also been a factor. Responses in rate of germination of l-year old forage kochia utricles in 1987-88 were similar to responses of freshly harvested utricles in 1986-87 (Table 2) . By winter 1988, germination of lot 1 and 2 controls had decreased to 25% and 55%, respectively, and reached 50% germination in about 4.5 days. Both lots of utricles incubated from late fall to winter germination faster than controls (Table 2 ), but total germination of field imbibed utricles was reduced compared to controls. This reduction in total germination, in contrast to the increase in 1987, may have resulted from older utricles used in 1988 having lost viability relative to freshly harvested ones used in 1987. By early spring, rate of germination from both late fall and winter placed utricles was faster than controls (Table 2 ), but total germination was reduced compared to controls for both lots. Reduction in total germination was similar to the decrease that occurred in 1987 after embryos began to uncoil in the bags in late February. Germination of forage kochia utricles was enhanced by imbibing in a cold-moist environment suboptimal for germination. Similar responses have been reported for seeds of other plant species that respond to stratification (Mayer and Poljakoff-Mayber 1975) . Imbibed utricles were ready to germinate at a more rapid rate when temperatures were elevated compared to freshly planted utricles. Seedlings established most readily from utricles that imbibed moisture in December, January, and February. Embryos began uncoiling in late February when soils were moist, and maximum and minimum temperatures averaged 7" C and -5" C, respectively. Environmental conditions in March and April were : :cie optimum in regard to temperature but less optimum rela:: 14 : _ soil moisture. Temperatures were in the 10 to 20' C range th,; Romo and Haferkamp (1987) predicted would yield good germination in combination with high osmotic potentials. Soil moisture, however, was transient with the soil surface being moist for only short periods after rains. The reduction in seedling density measured in the field in 1988 compared to 1987, suggests that percent viability may also be less in aged than in freshly harvested utricles incubated in the field. Bleak (1959) reported seed viability decreased more for old seed of Tualatin oatgrass (Danthonia sp.) with low initial viability than for newer seed with higher viability when incubated under a snow cover. Additional research will be required to determine if loss of utricle viability in forage kochia is accelerated in old utricles in the field, or if seedling vigor becomes progressively poorer with utricle aging. Bewley and Black (1985) reported storage of seeds of some species under adverse conditions can produce symptoms that range from reduced viability or germination to more or less full viability with abnormal development of the seedlings or development of seedlings with low vigor. Either of these characteristics can affect field establishment if some allowance is not made for age of utricles and subsequent seedling response.
These findings show why better seedling establishment can be expected from planting freshly harvested forage kochia utricles in late fall and winter before the soil surface begins to dry than in early and late spring in the northern sagebrush steppe. Potential establishment from plantings at later dates might be improved, however, if the period of moist soil required for germination and seedling development could be extended. This may occur in areas with a high proportion of spring rains of sufficient duration to allow surface soil to remain moist for several days, or with utilization of soil moisture conservation techniques, such as furrows or mulching.
